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(54) ism<D^m] h>^)vm§mmikm^Mfiomsm. Mi;K:«a;i*usB 



(57) mm 

jXj, WiXjYk- XttWjXjYkZi 

W. X. Y&(y:z«, Fe. Co. Ni. CrRUUn 




( 2 ) 1*182003-273420 



im^m2] ±aa&jira<t^«tt, Fe. co. n 

1 a«7cig*^wr s ^ t €#iSiTsai^JS 2 

WjXjY,,. XttWjXjYkZ, (S+W^ X> Y 
RU^Ztt. Fe. Co. Ni. C r'SLUUni:)^'^fi^f^ 

I'W. x<o-5*.-:^ttmioi¥*i^ji«n. ffl:^ttm2 

7— 7>5'^:>'ft:^ti- ;^i;U3y:^--f MnB 

[is*Ji8] ±.m^mm{t^m\t. Fe. co. n 

i. Cr. Mn;!)^e.Stfn5'>/i<ifc la^r^Wr* 
iXj. WiXjY^, XttWjXjY^Zi (SI" 



W. X. YRr/Ztt. Fe, Co. Ni, Cr&OtMn 

•5. sfc. si'w. X(Dp*.-:;^ttmiwp*^e.iitf 

7>?^>{b^i^. Mn 
Bi. Mn A 1 C0'>;S< ia-r*5Ci:S:1#®<i:-r 

t±. ±E^)BFBl{b^rfJ©#iea*^^/a:S®Sr'»i< tfc 

1 iirf s i t ^itat-r sfflf*^ 7 E««j8m^t t 'j 

mm. ■ 

[0 0 0 1] 
[0 0 0 2] 

-io^tttg<b*^s«$nTi»*. i#ic^»s!tt/ 
Mic/hS{b!!i5^"lffi;SA- Hx^ xi^-^Jtx-< xi7$g 

[0 0 0 3] ^»^ffip<t'J iLTtt. *^#:5:fflti)t 
7 7-vv'3./=EU'?», »R««iSrfflt»fcFRAM (Ferr 
0 electric Random Access Memory) ^A^^tf 

FRAMIw 

[0 0 0 4] cn'i)©5<:,ii*iAj:li^»fgtt^^ UiLT 



( 3 ) 



^m2003-273420 



ft@$nTl/^^<^*^ ««JAtf rwanget aL, IEEE Trans 
Magn. 33 (1997). 4498J ^Zi^WL-^nx^-^^^ot^. M 
RAM (Magnetic Random Access Memory) t^iiitl^ 

-So ^rz7 ^iLXmm\zr:>^^Xh$^'M\zMmx$>^Ct 

f)^^m'^n. mzi-/^-^xmf^'^mx$>^z.tf)mm 
[0 0 0 5] ccDURAmzm^'^^n^mn.&tn^^M 

^\Zh>^)m%t&^n^ (Tunnel Magnetoresist 
ance :TMR) h >^;l/A'J 7 

m/^m^m<D^m^h>^)im'^xm^^n^o z.(d 
mf'r\t. ^m^mm^z-^cDmrn^mLfz^mr^m 
^mrfS\z^mmm^^mLrzm'^> mm^m<om<tom 

i^fkmzj$:^cxm%&^^i)}M^mn^. My5(D^mi^m 

m\m^mm\zj^f)K¥ntW'rT<oiKWi^i^omt:it 
[0 0 0 6] ccDi&Si(Dmtm^ttn'en<Dm^m(o:^ 

2 P 1 P 2/ (1 -P 1 P 2) ...^ (1) 

[0 0 0 7] c(Dj:^ic. ^n^n(D7.\:f>^mm^^x 
i^t. z(D&tfimtm(7)mmz-vi.^x\tzn^x\z. f 

e, Co. N i^(^FeSl<^^i8tt*7C^-^^n'i3a 
[0 0 0 8] 

(om^t^^mut. h>^)in^)7m^ik/vrz-ij(D^ 
x<ommEE\zj;:Kin^ihL^no. '^-ox. &tfimtm 

[0 0 0 9] ^fz. TMRm^{c«iaft^fb^(oyW7 

XttJEfe#tt;?j^?^?5L. /\'^7XttE/^^±#-r'5tC-3n 

mx\tmmf£xm^ti!iL^nom^\z. ^<(Dm^\z& 

ft^{b¥;&VN*>r7XSffife#ttJCcfcO¥M"r^«E (V 

h) xm^thLm^(Dm:ki^^t^ztf)m^nx\^^^ 

Jiy-<r>i&mz^\,^X^^0}X^^. 

[0 0 10] tz^x. uRAmt±mLrzTURmf- 
(omiz. u^H^b<Dmz'Z^muTURm'F^m^t^rz 



[0 0 11] z(oj:ou^mwm^tTURm^t^m 

4oox:mm(Dmm^£^^t-r^xm^^&^<ox. tm 
RmT\zhmmf3:mmmi\m^'Z-mt^n^o Li)^Ltji 

TJi^b, Fe. Co. N il?C0FeS7E^(^^^^^^SS 
ttllCffll^i^cTMR^^ti. :fcj:^3 0 OX:J^±Tffifii 

^itm^mL<':^itr^z.ti)m^tix^r)^ mmii<D 

Rm^<Dm^m(r>^^^m\z^y)isuu.mL. ^m^m 
x\th>^)wv)7m\zm^t^^^^»imf)mx'r^z.t 

[0 0 12] i^A±.<D^o\Z. ^ntz^^mb^^Rif^ 

m^m^i^M'fo't7.t<DMi^^m^^^miL't^uRA 
u^^mthtztbizit. TURm'f-\zm^^&&i^itmt 

[0 0 13] :^^Bmz.(D^or^'ist^(Dmm.^^m^'r 
^h(Dx$>o. ^mi^^^i^n':/0'tx^<D^Mm\zj^ 

%t&iSifS}^m'^Rzft(Dmm:^m. mzf\zmn,^=e^)m 

[0 0 14] 

ib\z. ^mM\z^^^h>^)im%&m^0}^mi'\t. -*t 
(o^mitm(7:>m\z h >^)i/^'j 7l^J*^rc^fis^4 h > 
^ji^'^^^r^mn.&tfi^ih^m^x&'ox. ±^^m 

[0 0 15] ^fz. *^B^lC»^Km>^:U^§H. - 

^o^m^momiz h >^jvn^j 7g^:flt^;t*^l8^4 h 

K y^jmn.&^m^m^^m^'^^iziktsu- h^r 

[0 0 16] ^m^h>^)m'^^m0SLr^rzib\z\t. 

W^tfCr. Mn, Fe. Co. N i ^(O 3 dSg^^R 

[0 0 17] Lf)^LUf)^^h>^Ji^/'^')7m\ts -»W 
tc^<7)JKe;&^6 A-l 5 A<ha«6T»t.^=b<^T»0. E 
-3?^]Ki4®^^^tJC r , Mn. Fe> Co> Ni^(7)3 

dm^^m7im<Dmmzi^Lx$m\z^^x&^o ttz 
f)^'DX. h>^)i/v)7m^m^fimihmmz^'Dxz. 
n^<D7tmxi^m^n^t. h>^;i^A'U7i*Th> 
^)iBimmT(D7.\^>f)mn.^n^rz^^ tmr*#14;6^ 

[0 0 18] cniC«bT*^^«, 3 dfi»&«7C* 

^m^^rz^m^m\z^i^mit'^^^i^^^^^t\zj:':>x. 



4^^2003-273420 



[0 0 19] ^fz. *»B>qiC^S K>*;H8ai6gEam 

[0 0 2 0] ^miih>^)im^o^m^x\t^mmz 
^mmi:noz,t\zjzo. ^mfn^it^^^o^m^mmzm 

[0 0 2 1] 

mm^z'Di^'^x. mm^^mLM^^^f^^z^^-r^. 
[0 0 2 2] *«^coh>:^;i/am}fiSx^*^^ (SI 

iic^Tcfcpic. ss2±(c. T*i3<h. ^^m^m 

[0 0 2 3] ^LT*^0JT«. h>*Jl'g^^9 

XjY^Zi (^^W. X. YRZfZitt. Fe. Co. 
Ni. C r&a'Mn;^^brj:'5mi <^Sf> ^O^tC^^STC 
«Rr>'3 B®l?&^b6 BiS07C^»;!i^b?^j:§^2 0iP*^^ 

Tz. ^^i. j > k^r; 1 f^, S§cMXt*^l^{cifii^ffl 

[0 0 2 5] ^JBr«1{k^tlti. TMR^^^^S^ii-^ 
R.^Tli^e. 3d«l3i(DXt!>7'yy4*^i:7.hf>^«:>> 

n, Fe, Co. N i ^^^tSCt^m^Li^-^o 

[0 0 2 6] ^fz. i]m^mr<DW^'r'(D^WL^m\r^ 
m.^fi^^^ ^mmit^mt. 9c\z'^^rzcr. un. f 
Co. N im<D7tmt^^f&^m\zm'^Lx^mm 

m±x3Bmf}^^^Bm(D7tm^^'h\z^tsz.tf)m^ 



e>6BK07C5gihbTtt, :RftWJC«B. C. Ge. A 
1> N, P. ASv Sb, Bi, O. S, Se. Te, 

[0 0 2 7] tz^x. ^m^^^-t^mmit^^tL 
x\t. ^y3.m\t^m(Dmmx$>^7s\d>7y':ftx\^> 
y^>(Dm^^ti^'ox\i^^^»7imf)Wi^x&'ox%^ 

^ifS,^'^f)^it'^^X^m^^yr:rh(Ot\Z»»^n^. 
[0 0 2 8] mPi\im^tLX\t. m^ittCo^B. c 
02B, FegB. FeB. COgOAlgBg^ Co 
2^0 e 2B Q^<D:ts^itmi)^m^i^tl^. ^ft. t^^ 
imtLX\t. Cr, Mn. Fe, Co> Nit^^Miit 

3B, (Coi.^FeJ 2B, (COi^^F 
e^) Bmx$>^X^J:\^K 

[0 0 2 9] ^rz. A 1 , C, S i , Sn. N. P. S 
^^t^±mN\it^^tLX\t. F e 3A U N i 3A 
K FeaGe. FegC. FcgC. FeaSi, F 
65813, Fe3Sn2^ Fe4N> FcgN. Fe 
3N i N, Fe3PtN, Fe3P. Fe2,4Co 
0. qP. N i CoSb, FeCoSg^^^^tf^tl 

[0 0 3 0] ^fz. m^iiiFe^ (Ci.^B^) ^0) 

^o\z. m^^m7tm^j.^(03i^\z^\^^xhmf3:^^^ 
m7z^^t)^M'^vx\^^^^mmt^^x$>^xh^\^\ 
[0 0 3 1] ^fz. ^m^^7Rr^mmit'^^tLx\t 
sk±\zmmL fz^mmt^m \z ^ nr. m a ^mm 
<omm7tm^'^tsm(o&»mu$^wii^$>':>xhf)^^t>u 

[0 0 3 2] 'rut>'^^i^x\mmit^7j^'^tii^^ 
^m7tm^'^ts^mN\it^momt\.x\t. un. cr 

^(hUT^^n^CugMn A K CugMnIn, N 
i 2Mn I n. CogMnSi. CugMnSn. Ni 
2MnSn. CozMnSnmtm^f^n^o ^tz. M 
nB, MngS i B 2^<^t-'yit^. MnSb, CoM 
nSb, PdMn S b^07>5"^ >{b^ife^t)pJHET' 

^(Omzh. MnBi, Mn4N. (N 
i-x^x^ . MngZnC. CogMngC, MnA 
So. sSbo. 5^^^^tf«^n^o ^fc. Cr<7)^jB 
mit'^^tLX. CuCr2Se4, HgCfgS 
64, CclCr3Se4, CryTeg. C r 5T 
eg, Cr3Te4, CrgTca. T i C r 
64. CuC r 2Te4^?!>^^tfen^. M#(^P*Ji:|pI 

<t(c, '^^(Dm(D^mmit^^\z'D\^^xh. u±\zmm 
Lfz^mmit^m^zm^^nr. m^\iWLm<Dmm7tm 
^^ts^<Dm^m<iimmf)^^'DXht)^^t>u^\ 
[0 0 3 3] cneo^JBrem^ti^^^+iU-fiSns 
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[0 0 3 4] SKtt K >^JHg^ 9 <^)fiS{tH^l 5 

7 (cj*^n^ N >^;i^A'u 7S 6 mitm^m 
-r^mtLxitt. m?iifiA k Mg. si. l i. c 

[0 0 3 5] K>:^^;i/A-«j7l6«. X/'^y ^ >{fm 

7.X«/N P y >:tf X i: ^ffl (.^-5 C V DStC J: o T^^ d 
[0 0 3 6] ^fc, Einc^-rTMRig^K^, KKtt 

[0 0 3 7] K^m\Sim4\t. ^m^m<o-':^x$)^m 

^o)rz^(Dmmmn\zj:-z>xhmim^B s (Dmit^K 
e$#T. mim^ms(Dmit<D\^^^n\z~'^ft^ 
rzist)<Dmx^^. tut)-^. gmc^fTMR^^iir 

*5liT«. ft!l*<^^fiSttPTfe^aig7fcfrt^^S5J8 
«lsf^Lr«. Fe. Ni.Pt, Ir, Rh^^^O 

[0 0 3 8] l^l±cDct^;:i:^att^^1-^)Brp1fl:^i^ 

^mt3im^x\^^^(Dx. ^(ommtLx. m^^m^t 

Wi^^i^uX.:^^)],^—t^1^t3im?i^Cttti:^<, Z.(DO 

'^m'f'B^mmt. ^^^jm^tLxmrnt^mzm^tti 
i^mm^mrtiisb^Z'Z'^^u^^xt)^. ft^ie^ 

muxh^^^m^^^uh<Dtr^. tt^t:>^. 

\z^o^m^m(Dm^^m^\^±L. ^mitm^m^t 
^3dm^^m7tm^mihWL'r^:it\zmm'r^h>^ 

[0 0 3 9] Ltzfi^^X. *»^(7)TMR*^l«> m 

^tf 3 0 ox:^±^^^otsimiSixmmm^m^tirzt 
mii^^m7tm\zj:^h>^-)i^/^')7m(Df^^f}m±^ 

\z^^nrztt<Dmm-yo-t7.mmxmmm^m^n^ 
zth-^mx$>^. 



[0 0 4 0] ±m<OJ;:otii. »fiBttt€:^f&IBPBm^«l 
CVD (Chemical Vapor Deposition) 

[0 0 4 1] iici^-c, ^sppm^^^^Wf^^mtt 

[0 0 4 2] TMR^4*(D^Sl^. ^fi8ttM7!^^#SMa 
WiX«>^X%m.%\ZllktLt>nU\^^m^h^^f^. #JCM 
n. C r^om«!:TH3ifiStt^^^Aj:l^3 dM^^JSTC 

4^ tc^JS^b^ifeffl (C 5 It ^ i o fca,^;^^ 
^K4'tclraf»J!i3i^ff^«^. 1 0 0 

[0 0 4 3] ^Ac, ^JBraft^«iofflfigt::j:oTH, ^ 
BE (Molecular Beam Epi taxy) l?<^dtiefe$:ffll^^T^ 
[0 0 4 4] ^^f^fe. *^B.g(7)TMR^i^<hLTtl, m\ 

ji^-r J: e> TifiSfks^s 5 6S 7 o-^n^n^&^m 

Tcfc^(C, a{t:H^g5;&^\ m 1 (OKftS^l 5 a 
2 (7)ie{bH^^ 5 b tX^f^m 5 c 

t#'S>:i<h;^^T^-5o ^2(C^TTMR^T'l Orn^. ^ 
lOfiSibBSlS ad^S^Kttl4<i:SLT:teO. 

^ogpBi(iai<^siffis:fpffitcj:oT, isic^iafbHS 

15 ati^ii-:^f^ossmS:;^tt^Rp':5. ^l7xU^ 
^^(D^mm^ c\zm^^^ri^^mtLx\t. ^ija^r 

u. Cu. Cr, Au. Ag^d^^frf t^n-So 02(7)T 
MR^^ 1 0(7)ftS<7)SJC:3l/iT«, SnCT^TTMRsg 

t\^\mm<Dm^xh^it^. mitrnv^n^^n 
[0 0 4 5] i^Tz. a{ba^@5ar;i*i 

^m-t^m'^x$>^x^t^^t>ti\.\ fis^bas 

15R^Xgdai7<7)^l>;^c<<h^>-:^[c4oi^T#ffiMffl^ 
*(C5ii8tt^^T^SP«m^tl7&<Si5«'MlC*TffibTl^^ 



11 



( 6 ) 



[0 0 4 6] $«^ic, *^w<^TMR*^«. miRri 

[0 0 4 7] ±j£!!<:0.t^;'ci:TMRS^^l, ^JAtfMRA 

r/0 4^#,W.L;^7&^^KBJf ^« 
[0 0 4 8] *5£^<^TMRSl^«:Wr5^DX#<> 
hS<0MRAM7U-r^> ^SICtj^-Tc SStC^-TMR 

WL t \iy hiHB L ^:<7)3?.SlC*S«^OTM R*^ 1 
tCffll^^tlSTMR^^<hLT«. ^KI^-TTMR^ 

TMR^Tio^. ^mith>^)m'^<D^m^m<D^ 

I. ^ ^ (7) T * n I ^ ;5 ^ J^cC -5 ^ fi£ T S o T t> 75 ^ ^ t:) 7^ ^ o 
[0 0 4 9] ^^^U-fe;i/ 1 ^4tC^Ti:'9fC. 

m«l 4RC;HU-r>m«l 5d^^)/<CSh7>vX:S^ 1 

WL 1 $r«fifebTI/^'5o h«® 1 3±lCti. *fejtl 
LTS^ii^ffl 7 - HSW L 2 $ nr 0> 

hy>i^7.9 I 6<D\^U^ >mi$.l S\Z\tzi>^^ 
h^^)Vl 7^mm^tl. ^^\ZZi>9^ h^^)Vl 7 

*^0>gcOTMR*^l ;^>^?^f£^nTt^^o CCOTMR^ 
i^l±(C. lRt;WL 2<hfi3^-r^t''y h 

[0 0 5 0] *^B^^iiffibfcMRAMtl. 3fe(C3^-<fc 

^o\znm\^(DM^^ruRm^^^'r^(D-<!. ^mmx 
^fz. myitis 0 ox:u±<Dmmm^^ts^^(D 
[0 0 5 1] ta^. ^^m(DTURmf-^t. 9c\zm^rz 
■r^&as^^g. mn.ms^\zmmt^ctf)^'^mx 

[0 0 5 2] 

immm] ^at. :^^BM^mmLrzM:#^^ummm\zz) 

3^m^^xm^MLrz<ko\Z. MRAMIIt^XMR^^i^ 
mZ7s'iy^>^m(Dhy>z^7s^^f)m&'r^f)^. * 



mmmx\tTUR^\k^m^^rzsb\zm s Rx^m e \z^ 
y)m-i^'<=x->rz. 

[0 0 5 3] <'^mmi>m^^i^m^\z7r<t^o\z. 

**lifi«rffll^Sl#1±l¥tfffl«^ (Test ElementGroup 

:TEG) \t. Sfi2 \±.\Z. U-\^WNht\ivVUB 

tlTl^^-So CCT?^fie$n5m^ffitrL2^^^i^2 2^1. 
SWO. 5/imX:g$ftl. 0 /zm<;DtlR?^t>c^M1"^o 

^na^/^!yK2 3, 2 4*<J^fi£$tlTl^^« ^fc. 7 

&M2 5(C<i:oT«aWJC«»$n^o 
[0 0 5 4] c:co<t^;a:TEGtt, UT<r>^o\zhXV^ 
M^n^o :$t-r> SS2 l±lC7-Hi^«lBf^fi£JlL. 
V^)'J^yy ^\Z^'oX'^7.^Ltzmz^-Ymj. 

IV 7-H;e*J^fiEL;^c. C(7)<h#. 7- HsBfi^l^^cT)® 

S1£cD^$ 5 nm^TX^y5^>^$tlfCo 
[0 0 5 5] :;*C[C. 7- H«IWL±(CTIB<?)§«^3J/^^ 

[0056] Ta (3nm) /Cu (lOOnm) /P 
tMn (20nm) /CoFe (2 nm) /Ru (0. 
8nm) /C03B (3nm) /A\ (Inm) -Ox 
/C03B (3nm) /Ta (5nm) 

[0 0 5 7] ilBOMSt^O^-^, A 1 -O^iS^^tl^ 

\^y^}vn^)7m\t. 9cf^^A i K^ocx/vy^j^s 

ftit^l : ItL. ^i'>A*-:tfXJE€0. ImTor 
r<hL. 7^5X-7S;f3ffl^5 0 OW^Lfc^fl^T^jBA 

[0 0 5 8] ^fz. A 1 -O^j&^^^^j:^ h>^;U/N'U7 
mU^\t. ^^^-^'yh^m^^rz'r^:^b'a>7./'^y 

^H^m-r^mzitt. ^IkOe (x;i.XT-^yH) 

m<Dm.^\t. Co90a t%-Fe 1 Oa t%<hLfe. 

[0 0 5 9] ^fz. ^mmi\:'^^x$>^co ^Bf)^ibrji 
mim^m(D^'^h>^^)i/^^j7m\zm't^^m^ 

tC«. C o 6 7 a t %-B 3 3 a t %<0&^t5^-y:y h 

^m^^^fzx/'^y^'jy^^fT'Drzo ^mm. 27ot:- 

4 5 OX:<^MS«EH*i*T. ffiSEnUD^jaS^frorco 

z.(Dmmmm^mm^t. m^j^o^nrnm^z^^K^m^m 

nt^m%^yj^<Dmn. ^mz^^mRzj^^ms\z^ 
\,^x^mmit'^^^^c'^L^^rzisb(Dmwx$>^. 
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[0 0 6 0] ±IB<7)J:^:^»SHtS>*;Hg^^fP» 

[0 0 6 1 ] <mmf^\ 2 >^m^ k >^;i/S^cDi^fi^ 
TTEG^fffco -r^stJ"^, *igfifti2r«e*sicco 

sB^rfflV^rt^^. /cC*3. CoF ef)^^r^^mitm^M 
IBcZf^mmom^iit. Co90at%-Fel0at% 

[0062] Ta (3nm) /Cu (lOOnm) /P 
tMn (20nm) /CoFe (2nm) /Ru (0. 
8nm) /CoFe (3nm) /A 1 (Inm) -O^ 
/C03B (3nm) /T a (5nm) 

[0 0 6 3] <^mm3>^m^h>^)im'^(Dmmf^ 
XT EG ^ntz. rt^t)^. mmMsxiitmmmRxf^ 

^mitfSl^MO)^^^^t. Co90at%-Fel0at 

[0 0 6 4] Ta (3nm) /Cu (lOOnm) /P 
tMn (20nm) /CoFe (2 nm) /Ru (0. 
8nm)/Fe3Si (3nm)/Al (Inm)-O 
x/F e 3S i (3 nm) /Ta (5 nm) 

[0 0 6 5] <^mm 4 >^s8tt h y^jvm-^om^iSi 
^rm<ot^o\zLrzzt^A^\t. ^mmi tmm\zL 

TTEG€:t#;^Co t"?:ct)t», 4 T^S d&StC F e 

3S i *ffli^Ti.^€>, ;^cj:^, CoFe35^e>7'J:^)aS<b@^ 
mRZf^mM<Dm.A\t. Co90at%-Fel0at 

[0066] Ta (3nm)/Cu (100nm)/P 
tMn (20nm) /CoFe (2nm) /Ru (0. 
8nm) /CoFe (3nm) /A 1 (Inm) -0,, 
/FegSi (3nm)/Ta (5nm) 

[0 0 6 7] <mmm s >a«tt h >^>ius^a)^«^K 

^m^ZUnSb^m^^X^^^. fJi^. CoF ef)^^t<i.^ 
mi\:m^M<Df^0L\t. Co90at%-Fel0at% 
X$>^. 

[0068] Ta (3nm) /Cu (lOOnm) /P 
tMn (20nm) /CoFe (2nm) /Ru (0. 
Bnm) /MnSb (5nm) /A 1 (Inm) -O^ 
/MnSb (5nm) /Ta (5nm) 

[0 0 6 9] <mmm6>^m^h>^}im^<Dmm^ 
xTEG^ntz. rr^to^. mmmex^tmmmRU^ 

fil(CP dMn S b^ffll^T(/^'5o /"Ji^^ CoFe;5^6 
U^mitm^MO)^fKf&\ts Co90at%-Fel0a 



t 

[0070] Ta (3nm)/Cu (100nm)/P 
tMn (20nm) /CoFe (2nm) /Ru (0. 
8nm) /PdMnSb (5nm) /A 1 (Inm) - 
O^/PdMnSb (3nm) /Ta (5nm) 

[0 0 7 1] <mmm 7 >^iKtt h >^;i/S^(^H^fiK 

d^llCC o gMn S i ^ffll^Tl^^^o ^43, C o F e 
ibr<i:^m{tm^B(^U^\t. Co90at%-Fel0 
a t %X$>^. 

[0 0 7 2] Ta (3 nm) /C u ( 1 0 0 nm) /P 
tMn (20nm) /CoFe (2nm) /Ru (0. 
8nm)/Co2MnSi (5nm)/Al (Inm) 
-Ox/CogMnS i (5nm) /Ta (5nm) 

[0 0 7 3] otrnMy^m^hy^jm-^cDmrn^^ 
Tm(Dt^o\zLrzzt}^mt. ^mm itmm\zi.x 

TEG^#;^Co U^. CoF ef)^i^U^mitm^m<Dm 
^\ts Co 9 0 a t %-Fe 1 0 a t 

[0074] Ta (3nm) /Cu (lOOnm) /P 
tMn (20nm) /CoFe (2nm) /Ru (0. 
8nm) /CoFe (2nm) /A 1 (Inm) -O^ 
/CoFe (2nm) /T a (Bnm) 

[0 0 7 5] l^±(7)J:^lCf^S^nfc^]E^J 1 --IIJS^J 
7&c;itK0iJ<OTEGlC-pO^T> Tie<^cfc o H LT^SH 
SffiS <h T M R it t <DH«XC;^«PBm^«lCO I^^ $:fif 

[0 0 7 6] ffl«c^MRAM^a)fi6m;<^ UggT«. 

mmm^ ^z^-o xm%t&mi9}m^^^mitKm^ itxm 

^trv^^m^f-^mitK^-^i^X. TURit^m^Lfz. 

[0 0 7 7] :i<Dt^. m%i&^^^^mT(D^^m^m 
MLxm=Ttrj:^j:o\zmi}\\Lrzo m^(orzid(Dn^m 

*<0:;t#$«. 5 0 0Oei:L;fco tLX. J^^Mom 
flS^aWcO— :fr;5^«^MT. - 5 0 0Oe)!i^b+ 5 0 00 

e^xm^iT^tmmi.z. ^-h^wl^^s^/v;/ k2 

3t}iy h^BLO^^/^y K 2 4 ^ 77; 
SflE;&n 0 OmVch/^ct-S^fc^lCl^ffiLT, ?Sffitth>^> 

[0 0 7 8] TMRjttt. mitm&mt^^mt(Dmit 
f)m^^^mx<D&iiimt<r>it^t^ct\zjz'DX7R^n 

-So 

[0 0 7 9] ^fc, ^nmm(ommmRzf/x\ts^m 

(0^m^m(Ommn. m^^mmj-m^m (Transmission 
Electron Microscope :TEM) RU^XiBllI^tC J: OfTt? 
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[0 0 8 0] mmz. ^mmRzs/x{ts^m\z^m\t 
tut:>^^mM 1 -nmm 4 (D^^\z'D\,^Tmmt^o 

0 0 nm(^*l^^ia®g^> xm^tiT\Z^Omo)W\^ 

^ff-ofz^^. c o^B (D^mmit'^momm^nx 
[0 0 8 1] ^Tz. nmmi. nmmzRzfiti&mo)^ 
txesitcc o ^B<D^mmit^f^^m^^rzmmm i x 

wzco ^B^m^^^^mmz^. j^^mRzs^ms^z 
coF e^m^^^it^m\zit^xm\^mmit^^Lfz. 

m'^(D^'^x.:^)i^-<kK)%M^^rzisbx$>^t^^>^n 

[0 0 8 2] '^mm3RU^mm4(Dmm^mz 
-D^^xmmt^o mmm3Rzsmmm4xm\^^rzF e ^ 

^1^i\z^K>m(om^^fT'orz^^^. f e i<D^mr^ 
it'^^omm^^nxi^^^ z. t^mmLfzo 
[0 0 8 3] ^tz. mmms. mmm4Rzsit^m(Dm 

us^m\zF e \ (D^mmit'^^^mi^^tz^mms 
x\t. ^Mmumf)mux$>^m'^\zhm^^TUR]t^ 
mnLxi^K). mhrn^mmM^TRLfzo ^tz. 

ijcc o F e ^m^^^]tmm\zit^xM^^m^^^^L 
fz. c<D^oumm&<Di^±omm\tmmx\tu^^^^. 

Co ^BOm'^tmm\Z. F e - S i <7)e^x;^j|/^- 
;&tCo-Co^Co-Fe (7)^®^^(^ie^X^;l/^- 
cfc 0 t) i§ V ^ i6 T * ^ # X. b n >5 o 

[0 0 8 4] u±(Dmm^\i-^mm4f)^ib. ^asi*^ 

m'^(D^miim<Di.^'rn-/)^-yj^zm^'^^ct\zj:o. m 
mit<D[^±m^^%^n^ctf}^M^'Drz. 

[0 0 8 5] fSi^. J!^A±<0j^*J5^^. ^SPam^tlcO^ 
latt^JBtLTF eJ^t;Co(7)^;^cn^TN i $:ffll^Ac^ 

t\m^\z^m^n^o ^fzs ^mmit^^o^^mi^ 
^tiyxmmmi --'^mm4x\tB:BiZfs i^m^^ft 

f)^. CtlhU^\ZCo-F e^.'^F e-S i^tmmz 

^mmt'^^^^f$.t^7tm^m^^rz^x$>ox^c(ri 
^oumm^(D\^±i^^^nibn^z.t\t^$i,\z^m^ 



[0 0 8 6] ^(b\z. ^mmRrsxx\t^jd^M\z^i^x 
[0 0 8 7] mMmsxm\^^rzunsbf)^^u^mm^ 

0 0 nm<D^mm^ 3 4 OX^U-t^ZX^MmW:^ XiS© 

i^(Dmm^nx^^^:z.^^mmLrzo mm\zLx. % 
#SK^3 4ot:j^±(cTii«i3iS. xsmsftcjzoffi 

m^^nx\^^^z.t^mm\.rz. ^tz. ^mmixm^^^ 

fcC 0 2MnS i :6^^;^j:'5JKjP5 0 0 nm<D#lM^3 

4 ox:^i±.\zxm9m^. xiiiBisfiCctoffioi^^^if 
[0 0 8 8] ^fc, %mms--'^mm7Rxs\mm(r>Wk 

D^gSltCMnSb. PdMnSb. CogMnSi^ 

hWi^^%mM^7r^\.rz. :i(D^ofm^.^<D^}L(DWM 
\tm^X\tti.^^t^. CoaB&JJfFeaS i cD«^i:ll 
mz. Mn-Sb. Co-S i^OJtWiB'&W?&:^^x 
:^;^*-;&^C o-Co-1>Co-Fe (^^feSe^coj^^x 

[0 0 8 9] ^A±.(D%mm^-%mm7ii^ib. ^wx^ 
m^^7^t^m7tm^'^ts^mNiit^mti^'ixu<. m 
v^x\t^m^^^^'^i^^^m\:'^^^i^^\^x^^x^m 
tt^^-r^sr«m^t;Tt>. siM«^ji-*sfi«^i4<hi^<* 

[0 0 9 0] iS.^. &.±<Df^mfi^^. Mn(D^fJi^'rC 

<D\^±m^^n^n^ct\t^^\z^m:^n^o ^tz. 
^mNiit^^(D^^m^^tLxh. ^mms-^mmm 
ixmi^^tzTtM^zm^^nr. z.n^imx$>^xh:i 
0j:orjiMm^<o\^±m^^n^n^^titt^^\zi'm 

[0 0 9 1] 

mmo^^] i^A±(Dmm(Djz^\z. :^^m\z^n\m 

Atf 3 0 0X:Si±<DMUOm9lLm\Z^-:>XhTMRi^i!i. 

m^m.tn^^m'F^mm'r^z:t^ix^^o 
[0 0 9 2] ^fz. c<D^or^m^mmii^^t^h> 
^)m%i&tfi^^^mT^m^^^ct\z^o. ©igypi: 
7s\zmmmxm^'^tsm'^xh. x.y-u-h(Dm:k^ 

m^xmntzm^ih L^\i^m^-r^ z tf)^'^mtmn. 
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[0 0 9 3] ^fz. *5£0^<^h>*^»^tttin:2!im^? 

m2] :i^mM^mmLrcTURm'¥'<o^<Dm'v$>^ 

X. fgl7xU«ig*«Fl-^TMR^^S:^-rgg5«l»& 

[114] g|3 (C^-r/^U-t:;l/<;)fe;^»rMEITfe'5o 
[g}5] TMR*^i¥flifflC0TEG(7)¥®^-t?$>^o 

[07] ^JBPHm^4*li:tTCo3B«:$WTSTMR 



[0 8] ^mr^it-^^tLXF e i ^^^r^TU 

[09] ^mmit't^tbXUnSb. PdMnSbX 
tiCoaMnS i *^*-r«TMR3l^(0. TMRJt(7) 

1 TMR^^ 

2 S«( 

3 

s mitm^m 

7 

9 ^fiBHth>^;i/«^ 



1] 



[0 2] 



[03] 



J 




[04] [05] 

[06] 




16 




(51) Int. ci. 7 mm$^^ 
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